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@ ST LO 0 Structuration / destructuration mechanisms

of food matrix:
from structural characterisation to digestion

Q Dairy processing and cheese making:
toward sustainable dairy systems

O Microbial interaction:
food matrix and host cell

Please visit http://wwwe6.rennes.inra.fr/stlo_eng




Infant milk formula: the gold rush

IMF market : the key dairy industry challenge

* Globalization, economical transition and population growth
* From 2007, 8-20% annual growth - 2 million tons produced /year
» 80% of the European dairy investment since 2011

~+ China ~ 50% market — High added value
o -

Mimicking breast milk
Microemulsion with multiple components

_m Adapted to the nutritional target

Proteins : 1‘:  First stage < 6 months
Caseins ~ 80% 39% *  Follow up < 36 months
WP 20% 65%
Carbohydrates 50 i Controlled functional
Lipids 38 36 end use properties
PUFA 2,9% 6,4% - g
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Controlling IMF properties

4 Sticking & caking )

Glass transition, Hygroscopicity
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4 Rehydration Packing )
Surface composition & structure, Density, occluded & interstitial air,
Size, Porosity size distribution

SURFACE PROPERTIES

PARTICLE PHYSICAL PROPERTIES

Nutritional properties
Denaturation / aggregation rate,

IMF functional properties = f (particle intrinsic properties)
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Insight on particle formation




Sadek et al., Langmuir, 2013, 29, 15606-15613.
Sadek et al., Food Hydrocolloids, 2015, 48, 8-16
Sadek et al., Food Hydrocolloids, 2016, 52:161-166.

A new strategy

From the industrial scale..

> ..to the droplet approach
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* Kinetics of particle formation
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[ Validation at A scale }

10-100 pym

o Fast drying kinetics
(size, temperature, time)

o Complexity and costs




Skin formation in drying droplets

Marangoni flow )’t

[ ONSET OF INTERNAL FLOWS }

» Capillary flows to contrast liquid evaporation

» Marangoni flows induced by chemical and

thermal gl’adients F. Giorgiutti-Dauphiné and L. Pauchard, Eur. Phys.
J. E (2018) 41: 32.

Air-liquid interface ©) Shell formation
Accumulation of suspended colloids vertical drying
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Methods

3D droplet evaporation

PDMS patterned
with cylindrical pillars
(D: 20 pm, h: 10 pym)
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v 20°C
Zeolites, RH < 2%

@

High-speed camera
Morphology of the external shell
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[ Micro-balance

Drying kinetics




Drying of dairy mixes 6040
Materials

O Whey Protein Isolates (WPI)
O Native Phosphocaseinates (NPC)

I\ e NPC
(-x‘ Q . micelle
WP (x\\?—i—y‘ X sponge-like
granular \VM ;
> Reference samples (WP, NPC) 20/80
»> Mixes
o WPI/NPC 60/40 w (human milk,
infant formula)

o WPI/NPC 20/80 w (cow milk)

Concentration 120g*L"'

HOW DOES MOLECULAR COMPOSITION IMPACT DROPLET SHAPE?
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Reference samples

Sadek et al., Langmuir, 2013, 29, 15606-15613.
Sadek et al., Food Hydrocolloids, 2016, 52:161-166.
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MAIN DRYING STAGES

Gelled foot (delamination)

Vacuole formation (WPI) — Buckling (NPC)
(height)

Evaporation completed
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Mixes of dairy colloids
Single pendant droplet Flying monodisperse droplets
Scanning Electron Microscopy (SEM) Optical Microscopy
Oy T 6040 SENKBRRAK RN

Evident morphological analogies
despite different experimental conditions and particle size
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Mixes of dairy colloids
Mutual impact on droplet shape?
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NPC | delamination
WPI | skin 010
deformability
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Elemental analysis of the skin

NPC micelle

Ca and P are a signature
of phosphocaseinates
(NPC)

100pm JSM7100F 2/27/2018
10.0kV SEI SEM WD 9.5mm

Why do inner and outer surface have a
different chemical composition?

Structure at the molecular scale

Calcium
25
20
A
g 15
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S
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0
WPI 60-40 20-80 NPC
0 CaOuUT 448 4,91 10,01 22,19

mCalN 417 21,26 22,34 20,68




Small-on-top hypothesis

Film formation in binary colloidal mixtures

Accumulation of smaller components
at the air-liquid interface

Osmotic pressure in proximity of the skin

Zhou J. et al,, PRL 118, 108002 (2017) Whey protein isolates on
oul.etal, , _
Fortini A. et al., PRL 116, 118301 (2016). droplet external shell

L. Lanotte, F. Boissel, P. Schuck, R. Jeantet, C. Le Floch-Fouéré, Drying-induced mechanisms of
Skin formation in mixtures of high protein dairy powders, COLSUA (submitted).

"= SCIENCE & IMPACT



Conclusions

O Impact of sample composition on the evaporation of droplets of dairy protein

O Role whey protein isolates (WPI) and phosphocaseinates (NPC) on skin development

U Relation between mechanical properties at the molecular scale and macroscopic
characteristics of dry particles

Perspectives

O Impact of overall solute concentration on the different stages of the drying process
(optical visualization, mass measurements, SEM)

L1 Observation of the internal flows contributing to skin formation as a function of protein
composition (confocal and optical microscopy)

U Evaluation of air-liquid interface mechanical properties throughout the evaporation
process (acoustics)

U Development of a theoretical model for the drying of droplets of dairy mixtures
(collaboration with L. Pauchard — FAST, Paris)
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